Introduction
The advances which have occurred in the diagnostic imaging techniques, intensive care and cardiac surgery in the last 50 years have led to a significant increase in adults born with congenital heart disease. At present, 85% of babies born with congenital cardiac anomalies will survive to adulthood [1] and it is likely that with additional progress, particularly in the surgical techniques, this rate will increase even further.
Although we lack exact figures about the size of this patient population, the number of adult patients born with congenital heart disease living in the US is estimated to be approximately 800 000 [2] . Making similar assumptions and transposing these figures to Switzerland the number of grown-up patients with congenital heart disease living in this country would amount to about 20 000.
In order to better characterise this patient population, the 32 nd Bethesda Conference [2] has subdivided this patient population according to the degree of complexity of the different cardiac lesions as shown in the tables 1 to 3. Table 1 Examples of types of congenital heart disease of great complexity (modified from [2] Adult patients with congenital heart disease may present in different ways: some patients have mild defects which have been missed in childhood; others have cardiac anomalies which do not require surgery, the majority of patients, however, will have had previous cardiac surgery. This will often lead to the wrong perception that the patient is "cured" [3] . Unfortunately this is seldom the case, as most surgical procedures have to be considered palliative. This may disappoint patients and their families alike, but this concept emphasises the need to seek regular lifelong specialised medical advice. The purpose of this article is to review briefly the profile of adult patients with congenital heart disease and to discuss one "complex" congenital cardiac anomaly in order to support the thesis that lifelong specialised care is not "a luxury", but that it is mandatory in patients with adult congenital heart disease in order to prevent significant morbidity and mortality.
Profile of adult patients with congenital heart disease
Adult patients born with congenital heart disease of moderate or severe complexity are at increased risk of complications as summarised in table 4, re-intervention or sudden death. Within this group, patients will often present with tricuspid atresia, "single ventricle physiology", different variants of transposition of the great arteries, Ebstein's malformation of the tricuspid valve, Fallot's tetralogy, pulmonary vascular disease and complex septal defects. This complex anatomy is often unfamiliar to adult cardiologists, who often did not have sufficient exposure during their training to adult congenital heart disease. Thus, it is generally recommended that these patients should be seen regularly in adult congenital heart disease centres [4] [5] [6] [7] .
A recent study examined the mortality and the modes of death in 2609 adult patients with congenital heart disease followed in a tertiary care centre and analysed 199 deaths which occurred at a mean age of 37 years [8] . The cardiac lesions with the highest mortality at adult age were the congenital corrected transposition of the great arteries (26% mortality), tricuspid atresia (25% mortality) and the presence of a univentricular connection (23% mortality). The youngest patients at death were also those born with tricuspid atresia, transposition of the great arteries and with a univentricular connection (mean age 27 years for all three entities). Coarctation of the aorta, a congenital anomaly which is too often regarded as simple, followed next (mean age at death 29 years), which shows that this lesion is a significant source of morbidity and mortality. The most frequent modes of death in this study were sudden death (26%), heart failure (21%) and peri-operative death (18%).
Most adult patients followed in congenital heart disease centres are between 20 and 40 years old, but several centres already report that more than a third of their patient population is over 40 years of age. This observation is important as it indicates that these patients require not only surveillance of their congenital heart lesions, management of their residua and sequelae following previous cardiac intervention and cardiac surgery, but that they are also at risk of acquired co-morbidities. To deal Table 3 Examples of types of simple congenital heart disease (modified from [2] ). with the repercussions of arterial hypertension, coronary artery disease, heart failure, respiratory or kidney diseases, in the context of a congenital heart lesion makes the situation of these patients even more challenging.
Native disease
There is little doubt that the profile of this patient population will change in the future, as patients will become older and as the survival of patients with more complex lesions will improve. These trends result from the possibility to repair these lesions nowadays, whereas in the past only palliative procedures could be performed. Gatzoulis et al. [9] analysed the surgical profile of adult patients with congenital heart disease followed in a specialised centre between 1987-97 and confirmed these observations. These authors were able to show that the number of patients undergoing repair increased, while the number of non-operated or palliated patients decreased. This study also indicated that patients who had undergone previous surgery face re-operation more often, and that the number of surgical interventions in a given patient is rising.
Thus the cardiac and haemodynamic problems which we face today will certainly be very different from those we will be seeing tomorrow. Let us take as an example the transposition of the great arteries which was treated up into eighties by the Mustard or the Senning procedure (or "atrial switch" procedure), which relied on the morphological right ventricle as the systemic ventricle, with the inherent longterm risk of ventricular failure. This clinical presentation is disappearing following the introduction of the "arterial switch" procedure, which performs an anatomical correction of the transposition of the great arteries, allowing the morphological left ventricle to play its natural role of the systemic ventricle. It is likely, however, that patients who benefit from an "arterial switch" will present other problems, namely at the level of the neo-aorta, the implantation of the coronary arteries, and supravalvular pulmonary stenosis (following the Lecompte manoeuvre) which again emphasises the importance of long-term medical follow-up.
Tetralogy of Fallot
Tetralogy of Fallot (TOF) is one of the most common types of cyanotic congenital heart defects, with an estimated incidence of 5% in patients with congenital heart disease. This malformation involves a subpulmonary infundibular stenosis, a ventricular septal defect, rightward deviation of the aortic valve with biventricular origin of its cusps, and right ventricular hypertrophy. Surgical repair of TOF has been available for more than 50 years, with satisfactory results in most patients. Survival rates at 32 and 36 years have been reported to be 86% and 85% [10, 11] . Despite this favourable outcome, life expectancy remains inferior to that of a normal agematched population. Several complications may occur after TOF repair including pulmonary regurgitation, residual or recurrent pulmonary stenosis, right ventricular dysfunction, arrhythmias, left ventricular dysfunction and aortic root dilatation.
Pulmonary regurgitation
The common use of a transannular patch to relieve the pulmonary obstruction during initial repair distorts the pulmonary valve apparatus. This leads to pulmonary regurgitation and right ventricular volume overload. Pulmonary regurgitation will be tolerated for many years, without any symptoms or signs of right ventricular failure. However, chronic pulmonary regurgitation will eventually have deleterious effects on the right ventricle. As the right ventricle dilates and the right ventricular function declines, the risk for ventricular arrhythmias increases. Patients may present with decreased exercise tolerance [12] or even sudden cardiac death [13] . calculation of the pulmonary regurgitant volume ( fig. 1 ) and has become the method of choice in the evaluation of the severity of pulmonary regurgitation. This imaging technique gives also unrestricted access to the right ventricle and provides accurate measurements of the right ventricular volumes and ejection fraction.
Pulmonary valve replacement can be accomplished with low surgical risk (1%) in experienced centres, but timing is critical in order to avoid irreversible right ventricular dysfunction. However, timing of pulmonary valve replacement remains controversial, because the favourable haemodynamic effects must be balanced against the risk of replacing the valve too early, which leaves the patient facing the prospect of repeated operations for homograft failure [14] [15] [16] [17] [18] [19] .
Pulmonary stenosis
Another haemodynamic problem is residual pulmonary stenosis [9, 10] , which can be in the infundibulum, at the level of the pulmonary valve, the main pulmonary artery or distal beyond the bifurcation of the pulmonary arteries due to a previous Blalock Taussig shunt. As the right ventricle is exposed to chronic elevated pressures right ventricular hypertrophy ensues. However, in the long run right ventricular contractility is adversely affected by hypertrophy. Furthermore, in the presence of pulmonary regurgitation the association with peripheral pulmonary stenosis aggravates right ventricular dysfunction. Thus, it is paramount to have a high index of suspicion of this complication and to examine the pulmonary artery and its branches adequately, particularly as peripheral pulmonary stenosis may be amenable to percutaneous treatment ( fig. 2) 
Arrhythmias
Arrhythmias are a common complication in the adult patient with previous TOF repair. Atrial arrhythmias may occur in one-third of adult patients and contribute to late morbidity [20] . Older age at repair and moderate to severe tricuspid regurgitation were found to be predictors of late sustained atrial flutter and/or fibrillation in a recent multicenter study [13] .
Although nonsustained ventricular tachycardia occurs frequently, sustained monomorphic ventricular tachycardia is relatively uncommon. However, sustained ventricular tachycardia is believed to be responsible for sudden cardiac death in patients after TOF repair. The rate of sudden death has been quoted Unfortunately patients do not notice symptoms until right ventricular dysfunction is severe. Furthermore pulmonary regurgitation may be missed on cardiac auscultation, and the quantification of pulmonary regurgitation by echocardiography is often difficult. Recently, cardiac magnetic resonance with velocity flow mapping has allowed accurate between 0.5% and 6% and several predictive factors have been reported: older age at repair, postoperative right ventricular hypertension, transannular patching and QRS prolongation >180 ms [21] . These findings suggest that the main underlying haemodynamic problem seems to be pulmonary regurgitation. Thus, restoration of pulmonary valve function and preservation of right ventricular function is considered to be key in diminishing the risk of sudden cardiac death.
The issue of whether electrophysiological studies are useful to risk stratify these patients, and the indications for implantation of a defibrillator in this patient population have not yet been conclusively answered [22] . However, a recent study was able to show that right ventricular fibrosis, as demonstrated by cardiac magnetic resonance imaging with late gadolinium enhancement, was significantly associated with clinical arrhythmia, which may help guide arrhythmia intervention in the future [23] .
Left ventricular dysfunction
Left ventricular dysfunction can be another complication after tetralogy of Fallot repair. Several causes may be implicated, such as injury to the left ventricle because of late initial repair, pre-and peroperative hypoxia, or the detrimental right-left ventricular interaction in the setting of a pressure-or volume overloaded right ventricle [24] . Furthermore, in a recent study Geva et al. showed that moderate or severe left ventricular dysfunction is independently associated with impaired clinical status after tetralogy of Fallot correction [25] . Finally, left ventricular dysfunction has also been found to be an independent predictor of adverse long-term prognosis in patients late after tetralogy of Fallot repair [26] .
Aortic root dilatation
Niwa et al. [27] reported that a subset of patients present with ongoing aortic root dilatation late after TOF repair ( fig. 3) . In their opinion aortic root dilatation relates to previous long-standing volume overload and possibly to the intrinsic properties of the aortic wall. This may lead to an aneurysmatic aortic root and significant aortic regurgitation. These situations may necessitate surgical intervention, although the timing of surgery for aortic root replacement in view of avoiding aortic dissection remains controversial [28, 29] .
Conclusions
The previous discussion on tetralogy of Fallot illustrates that in spite of the medical and surgical advances that have occurred in the last 50 years, adult patients born with congenital heart disease are seldom "cured". Many of these patients present with complex problems, and face multiple interventions, which have to be managed by trained physicians who are experienced in adult congenital heart disease. As we have seen, lifelong specialised care is mandatory if we are to improve the morbidity and mortality of these patients. We can no longer afford the "luxury" not to deal with these issues, which the adult cardiology community has taken so long to address. 
